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[57) ABSTRACT

An mmplantable device, appliance or component thereof .

ts provided which includes a porous coating of elemen-
tal metal, which porous coating is prepared by subject-
ing a blend of elemental metal powder and a reductive
gas atmosphere to plasma deposition conditions and
spraying same onto the device, appliance or component
onto which the porous coating is thereby formed.

13 Claims, 2 Drawing Sheets
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PROCESS FOR MAKING AN IMPLANTABLE
DEVICE HAVING PLASMA SPRAYED METALLIC
POROUS SURFACE

BACKGROUND AND DESCRIPTION OF THE
INVENTION

The present invention generally relates to an implant-
able device or appliance having a surface which has a
porous siructure, the porous structure being of the type
that enhances organic tissue ingrowth thereinto when
the device or appliance is implanted. More particularly,
the invention relates to implantable devices or appli-
. ances and to a method for producing same, such includ-
ing an electrically conductive porous coating of plasma
deposited elemental metal particles laid down by pres-
sure spraying a gaseous composition onto a surface of
the device, the gaseous composition including molten
elemental metal powder or particles in an atmosphere of
reductive gases in order to provide an environment
- which substantially eliminates oxidation of the metal
particles in order to thereby avoid the need for subse-
- quent treatment to remove metal oxides.

It has been recognized that in many medical applica-
tions, it is desirable to provide a tissue-compatible po-
rous surface. The porous nature of such a surface allows
tissue to grow into the porous surface in order to more
effectively implant or incorporate the device or appli-
ance into the body. Such ingrowth assists in holding the
device in place within the body. Over the years, various
approaches have been taken in an effort to provide
tissue-compatible porous surfaces that are implantable
and that promote tissue ingrowth. |

Many of these prior approaches involve sintering of
particles in order to form the particles into a porous

network having a porosity that is suitable for promoting
tissue ingrowth. Generally speaking, such sintering
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approaches are quite successful in providing the type of

porous surface that is desired. Exemplary patents in this
regard include U.S. Pat. Nos. 4,101,984 and 4,280,514,
A typical sintering procedure includes forming a self-
supporting coating of metallic particles which are
bound to one another and to the underlying substrate by
an adhesive material. Thereafter, the adhesive material
or binder is dried in order to provide a preform of dried
coating on the substrate, which preform is thereafter
sintered to thereby bring about metal fusion of generally
adjacent metal particles in order to interconnect the
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metal particles with one another and with the underly- -

ing metal substrate. The presintering self-supporting
preform or coating of metal particles and adhesive ma-
terial or binder are prepared by various procedures. For
example, the metal particles may be mixed with the
binder or adhesive material into a slurry which is
sprayed onto the substrate or within which the substrate
1s dipped.

In these types of procedures, time must be taken in
order to dry the substrate, binder and metal particles
preform. Preform or presmtermg temperatures for ef-
fecting the drying require raising the materials to an
elevated temperature, and the sintering procedure also
requires raising the materials to an elevated tempera-
ture. Typically, presintering and sintering temperatures
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vary depending somewhat upon the particle size, tem-

perature ranges in this regard being between about
2,000° F. and about 2300° F.,

that 1s between about

65

1,100" C. and about 1,250° C., for relatively long peri-

ods of time, usually between about 90 and 180 minutes.
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Also, when it is desired to provide smtered pOrous sur-
face products that are of especially superior quality, it is
desirable that the metallic particles be as spherical as
possible and exhibit a narrow particle size distribution.

Also, the self-supporting coating must be carefully pre-

pared prior to sintering, and it should be fixtured within
the furnace, which requirements Interfere with the suit-
ability of sintering procedures for use in mass produc-

tion operations.
Materials out of which these porous surface coatings

have been made include porous platinum surfaces and

less expensive high technology alloys, as well as carbon.
Included has been the utilization of a porous carbon
layer over a surface of a shaped, implantable device,
appliance or implement. Typically, such porous carbon
layers are laid down by sintering or other procedures
that include subjecting the surfaces to high tempera-
tures, which often results in the formation of a pyrolytic
carbon coating that is vitreous or glassy and somewhat
amorphous. Additionally, when carbon is laid down by
a procedure such as sintering, the characteristics of .
sintering prevail, that is the carbon is coated in bulk
quantities first, after which it is sintered under harsh
treatment conditions which, for carbon, can result ina
final product that is of reduced stability and uniformity.

It would accordingly be desirable to provide implant-

“able devices which have highly electrically conductive

surfaces that are of a porous nature in order to promote
tissue ingrowth, which surfaces are prepared by a pro-
cedure other than sintering. Such most advantageously

‘should lend itself to mass production by providing the
porous coating without having to undergo extensive

ﬁxturmg, and same should not require heating the de-
vice to high temperatures. It would also be desirable if

espectally superior products could be provided without
having to utilize particles that are substantially spherical
and/or that fall within a narrow size distribution range.
These various properties, needs and objectives are
achieved by the present invention, by which a porous
implantable device is provided without sintering. A
supply of elemental metal powder flows with a supply
of reductive gas past a power source in order to plasma
deposit the elemental metal in a manner that achieves
the desired porosity. The elemental metal particles are
electrically conductive. After treatment in accordance
with this invention, they retain their electrical conduc-
tivity without further treatment since there is no signifi-
cant formation of metal oxides on the metal particles,
due principally to the reductive nature of the plasma gas
environment. Requiring spherical powder particles and
high temperature heating of the device or implement
are avolded according to the present invention, which is

well suited for mass production manufacturing proce-

dures.
It 1s accordingly a general object of the present inven-

tion to provide an improved implantable device includ-

ing a plasma deposited porous layer.

Another object of the present invention is to provide
an implantable device having a porous surface that is
formed from elemental metallic particles that are pres-
surized and plasma dEpomted while avmdmg oxide for-
mation.

Another object of the present invention is to provide |
an improved porous-surfaced device or implement that
lends itself well to being manufactured on a mass pro-
duction scale.
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Another object of this invention 1s to provide an
improved implantable device or appliance that pro-

motes colonization and tissue ingrowth into the depth of

the porous surface from adjacent body tissue within
which it is implanted in order to provide bonding be-
tween the body tissue host and the porous member.
Another object of this invention is to provide an
implantable device having a porous surface, which de-
vice is manufactured without having to raise its temper-

ature to a substantially high level.
Another object of the present invention is to provide

an improved device and process which utilizes plasma

deposition techniques for the formation of a porous
implantable coating having high electrical conductiv-
ity.

These and other objects, features and advantages of
this invention will be clearly understood through a
consideration of the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

In the course of this description, reference will be
made to the attached drawings, wherein:

FIG. 1 is a perspective view, partially broken away,
of a cardiac pacing lead having a tip electrode assembly
that includes a porous member in accordance with the
present invention;

FIG. 2 is an enlarged elevational view of the distal
end portion and electrode of the cardiac pacing lead
shown in FIG. 1;

FIG. 3 is a longitudinal cross-sectional view of the
distal end portion of the lead and electrode shown in
FIG. 2;

FIG. 4 is a further enlarged cross-sectional view
showing details of the porous coating shown in FIG. 3;

FIG. 5 is a longitudinal cross-sectional view similar
to FIG. 3, but within which the porous coating is over-
coated;

FIG. 6 is a further enlarged or magnified cross-sec-
tional view of the porous coating and overcoating
shown in FIG. 5; and

FIG. 7 1s a generally schematic view of the preferred
plasma deposition system suitable for laying down the
porous coating of elemental particles.

DESCRIPTION OF THE PARTICULAR
EMBODIMENTS

An illustration of the type of device within which this
invention is incorporated is provided by FIG. 1. The
particular device illustrated is an implantable pervenous
lead, generally designated as 21, which includes a distal
tip electrode assembly, generally designated as 22, and a
terminal assembly, generally indicated by 23, connected
together by a elongated conductor member 24 having a
protective and insulative outer sheath or cover 23. The
terminal assembly 23 is designed and shaped for use
with an implantable cardiac pacemaker (not shown).
Tip assembly 22 provides an exterior electrically con-
ductive surface and includes an electrode 26 having a
porous surface for contacting the tissue that is to be
stimulated by the cardiac pacer. If desired, fins or tines
27 can be included in order to enhance the stability of

the implanted distal tip electrode assembly 22.
Further details of the tip assembly are shown in FIG.

2, as well as 1n FIG. 3 and FIG. 3. The illustrated con-
ductor member 24 is a tightly wound helical metal coil,
and the outer sheath is a polymer such as polyurethane
or the like that generally encases and is typically
bonded to the conductor member 24. The electrode 26
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4
includes a conductive shaft 28 having a porous coating
29 thereover. Porous coating 29 includes a plurality of
metal particles 31 that had been formed and deposited as
described herein, such metal particles 31 having areas of
substantially free space or pores 32 therebetween.

In the embodiment illustrated in FIG. 5 and FIG. 6,
the porous coating 29 is overlain with a conductive
coating 33. Most advantageously, this conductive coat-

ing 33 is a carbon layer which may be laid down by any
suitable method, such as by the use of plasma deposition
techniques, through the use of a conductive epoxy, or

by means of similar procedures.

Referring more particularly to the porous coating 29,
such is laid down by a plasma spraying technique which
can be carried out on an apparatus of the type generally
illustrated in FIG. 7. The member to be rendered po-
rous, such as the conductive shaft 28, 1s supported
within a jig or fixture 34, which may be a component of
a rotatable or otherwise movable platform 45 by virtue
of which several shafts 28 or the like are mounted. The
mounting may be in a manner whereby multiple shafts
28 or the like can be generally simultaneously subjected
to plasma spraying in order to form the porous coating
29 thereonto. If the surface of the device being coated
such as the conductive shaft 28 is too smooth, its surface

“can be roughened in a previous operation such as by grit

blasting, exemplary grit in this regard being alumina
particles.

A typical electrode shaft 28 will be made of titanium
or a titanium alloy, and the metal powder of the metal
particles 31 is an elemental metal such as titanium, tung-
sten, chromium, alloys thereof, and the like. Individual
particles of this elemental metal powder need not be
spherical in shape, and the powder need not exhibit a
narrow particle size distribution. Generally speaking,
the powder can have a particle size distribution of be-
tween about —125 to 325 mesh size (U.S. Standard
Mesh Size). The resulting porous coating 29 will typi-
cally exhibit a porosity, which is the total volume of the
pores 32, of between about 10 percent and about 13
percent by volume, based on the total volume of the
porous coating 29.

In the illustrated arrangement, the elemental metallic
powder or particles are held within a reservoir 33
which maintains the metallic powder in a pressurized
condition and provides for its flow into a plasma reactor
assembly 36. Plasma reactor assembly 36 includes a
reactor tube or chamber 37, a conductive coil 38
wrapped therearound, and a radio frequency (or RF)
power source 39 which is the source of RF power that
is transmitted into the internal volume of the reactor
tube or chamber 37, which power transmission is pref-
erably carried out in conjunction with a heating arc
assembly 41 at or near the distal end of the reactor tube
or chamber 37. The RF power source 39 heats the
plasma reactor assembly 36 and the heating arc assem-
bly 41 provides heat energy to the extent that the tem-
perature at the heating arc assembly 41 will be on the
order of 6,000° C. (approximately 10,800 F.) and
above. |

In addition to the pressurized supply of metallic pow-
der, gases also flow into and through the reactor tube or
chamber 37 in order to provide the atmosphere that 1s
plasma reacted within the reactor assembly 36. Prefera-
bly, two gas supplies 42 and 43 are included. The gas
supplies mix with the metallic powder within the reac-
tor tube or chamber 37, are subjected to RF energy and
are plasma sprayed from the reactor tube or chamber
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37, such as through a nozzle 44, whereby the plasma
discharge is directed onto the surface onto which the
porous coating of elemental metal is being deposited.

These assemblies are especially useful for mass pro-
- duction arrangements wherein a plurality of jigs 34
mount a plurality of conductive shafts 28 or the like,
which, for example, are rotated into the area of the

3

nozzle 44 by the operation of the platform 45 or other

suitable assembly that is rotatable and/or otherwise
movable in association with the plasma reactor assem-

10

bly 36, which may or may not be movable, such that the

- plasma discharge from the plasma reactor assembly 36

will coat all desired surfaces of the conductive shafts 28

and the like. Movernent of the plasma reactor assembly

15

forth movement so that the desired plasma deposit pat-

tern 1s followed in order to lay down the desired porous
coatmg 29. If desired, appropriate masking may be pro-
vided in order to prevent plasma deposition of the ele-
mental metal particles onto selected locations of the
conductive shaft 28 or the like onto which the porous
metallic coating is not to be deposited. By platform
rotation or other movement, the sides of the conductive
shafts 28 or the like are coated. Several hundred con-
ductive shafts 28 or the like can be imparted with a
porous coating according to this invention during a
single operation without requiring extensive fixturing,
When the pressurized supply of elemental metallic
powder is forced into the reactor tube or chamber 37
within the reductive gas atmosphere provided from the
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gas supplies 42 and 43, the plasma reactor assembly 36_ N

causes the elemental metallic particles to become mol-
ten, and these molten metallic droplets are sprayed onto
each conductive shaft 28 or the like. Because the con-
ductive shaft 28 or the like is at approximately room

temperature, the molten droplets solidify or *“freeze”,

33

during which solidification procedure they are fused

onto the surface of each conductive shaft 28 or the like.
Such molten droplets likewise also fuse generally to-
gether to form the porous coating 29 having the pores
32. It will be observed that, because the elemental metal
particles are melted, the shape of the metal powder
within the reservoir 35 is not particularly critical since
the particles are melted and are thereby modlﬁed from
their original configuration.

By this procedure, each conductive shaft 28 or the
like will be raised to a relatively low temperature tem-
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perature of on the order of about 300° C. (approxi-

mately 570" F.), such heating being due to the absorp-
tion of heat from the molten metal droplets. This tem-
perature is significantly lower than temperatures to
which substrates and coatings must be subjected in
previously practiced sintering procedures. The thick-
ness of the porous coating 29 will typically range from
between about 20 and 300 microns, but can be as thick
as up to about 500 microns.

Because the gases provided by the gas supplies 42, 43
- provide a reductive atmosphere, there is no significant

oxidation of the elemental metal of the metal powder

and of the metal droplets that form the porous coating
29. Because of this, no subsequent treatment such as
fluoride etching is needed in order to remove metal
oxides of the porous coating 29. Preferably, the reduc-
‘tive atmosphere includes a generally inert gas in combi-
nation with a gas having superior reductive properties.
The preferred gas having reductive properties is hydro-
gen gas, and inert gases include argon, helium and neon.
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The preferred reductive atmosphere is pmwded by a
supply of argon and a supply of hydrogen. .
When the illustrated pervenous lead 21 is prepared |

the resulting porous coated conductive shaft 28 is spot - .
welded at a non-administration surface thereof to the =~

conductor member 24, after which the protective and

insulative outer sheath or cover 25 is applied as needed T
In order to cover all or substantially all of the outer

surface of the conductor member 24. When desired, the

fins or tines 27 or the like are bonded onto. or ctherwme_ -
formed on the protective and 1nsulat1ve outer sheath of

cover 25. | | n
The illustrative embodiment of a porous device or

element according to this invention takes the form ofa

conductive shaft for formmg a tip electrode of a perve-
nous lead. However, the invention is suitable for prepar-
ing various other implantable devices or. components
thereof having a metallic porous surface. Examples
include blood engaging element of heart valves blood
~ pumps, and the like. - -

When desired, and depending somewhat upon ‘the .
particular porous device or component that is being

manufactured, the elemental metal porous coating 29

can be overlaid by the conductive carbon coating 33

shown in FIG. § and in FIG. 6. Such a carbon coating
33 1s applied by an appropriate method, such as by

- plasma deposition, by conductive epoxy pmcedures, or

by similar methods. B
Although plasma deposmon techmques are generally

known, it is tO be understood that when the term plasma

15 used herein, such refers to a state that a gas achieves

when 1t is exmted to the point of lonization, whlch isthe =~

formed. The excitation is achieved in the present in-

stance by the energy from from the RF power source 39
--which is conveyed to the gaseous enwroument within -

the plasma reactor assembly 36. |
It will be understood that the embodiments of the -
present invention which have been described are illus-
trative of some of the applications of the principles of -
the present invention. Numerous modifications may be -
made by those skilled in the art without departmg from
the true spirit and scope of the invention.
I claim: |
1. A device or appliance that is 1mplantable in orgamc |

tissue and that has a surface for enhancing organic tissue

ingrowth thereinto, the device or appliance having been

‘made by a process comprising: |

providing a shaped substrate member havlng an elec-
trically conductive surface;

- ‘blending a supply of electrlcally conductive elemen-

~ tal metal particles with a reductive gaseous envi-

ronment in order to form a plasma deposition

their subsequent plasma deposition within sald re-
ductive gaseous environment; | .
sub_]ectmg said plasma depomtlon blend to a source of

energy in order to plasma excite said plasma dEpo- S
sition blend w1th1n said reductive gaseous environ-

ment;

- spraying said excited plasma deposition blend onto

said electrically conductive surface of the shaped
substrate member within said reductive gaseous
environment in order to thereby form a porous
coating of substantially unoxidized elemental metal

blend, said reductive gaseous environment includ- '_
ing a reductive gas that substantially eliminates
oxidation of the elemental metal particles during
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and pores onto said electrically conductive surface
of the shaped substrate member; and

said steps of subjecting said plasma deposition blend
to a source of energy in order to plasma excite it
and spraying said excited plasma deposition blend
onto said electrically conductive surface raise the
temperature of the electrically conductive surface
to a temperature significantly lower than a metal

sintering temperature.
2. The implantable device or appliance according to

claim 1, wherein said subjecting step heats said elemen-
tal metal particles to a substantially molten state, and
said spraying step directs said substantially molten ele-
mental metal particles onto said electrically conductive
surface, after which said substantially molten elemental
particles solidify into said porous coating.

3. The implantable device or appliance according to
claim 1, further including applying a conductive coat-
ing over said porous coating.

4. The implantable device or appliance according to
claim 1, further including applying a conductive carbon
coating over said porous coating.

5. The implantable device or appliance according to
claim 1, wherein said elemental metal particles are se-
lected from the group consisting of titanium, tungsten,
chromium and alloys thereof.

6. The implantable device or appliance according to
claim 1, wherein said reductive gas 1s hydrogen gas.

7. The implantable device or appliance according to
claim 1, wherein said reductive gaseous environment
further includes an inert gas. _

8. A process for making a porous component of a
device or appliance that is implantable in organic tissue,
the porous component having a surface for enhancing
organic tissue ingrowth thereinto, comprising:

providing a shaped substrate member having an elec-

trically conductive surface:

blending a supply of electrically conductive elemen-

tal metal particles with a reductive gaseous envi-
ronment in order to form a plasma deposition
blend, said reductive gaseous environment includ-
ing a reductive gas that substantially eliminates
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oxidation of the elemental metal particles during
their subsequent plasma deposition within said re-
ductive gaseous environment;

subjecting said plasma deposition blend to a source of
energy in order to plasma excite said plasma depo-
sition blend within said reductive gaseous environ-
ment;

spraying said excited plasma deposition blend onto

said electrically conductive surface of the shaped
substrate member within said reductive gaseous

environment in order to thereby form a porous.
coating of substantially unoxidized elemental metal
and pores onto said electrically conductive surface
of the shaped substrate member; and

said steps of subjecting said plasma deposition blend
to a source of energy in order to plasma excite it and
spraying said excited plasma deposttion blend onto said
electrically conductive surface raise the temperature of
the electrically conductive surface to a temperature
significantly lower than a metal sintering temperature.

9. The process according to claim 8, wherein said
subjecting step heats said elemental metal particles to a
substantially molten state, and said spraying step directs
sald substantially molten elemental metal particles onto
sald electrically conductive surface, after which said
substantially molten elemental particles solidify into
said porous coating.

10. The process according to claim 8, further includ-
ing applying a conductive coating over said porous
coating. |

11. The process according to claim 8, wherein said
elemental metal particles are selected from the group
consisting of titanium, tungsten, chromium and alloys
thereof.

12. The process according to claim 8 wherein said
reductive gaseous environment includes an inert gas.

13. The process according to claim 8, wherein said
subjecting and spraying steps raise the electrically con-
ductive surface to a temperature on the order of approx-

imately 300° C.

- * ¥ * *
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